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ess: roshi@visual.lk (R.Summary Apart from symptomology, there are very few reports on lung function
following exposure to low levels of organophosphate (OP) pesticides in man.
Twenty-five occupationally exposed farmers and 22 environmentally exposed
freshwater fishermen were evaluated between and during OP spray seasons. Forty
marine fishermen living away from agricultural areas were recruited as a control
group. Forced vital capacity (FVC) and forced expiratory volume in the first second
(FEV1) were measured by spirometry. Haemoglobin corrected erythrocyte acet-
ylcholinesterase (AChE) levels were measured during and between (baseline
estimation) spray seasons using a portable WHO-approved Test-mate system (EQM
Research, Ohio).
FVC ratio was lower in the farmers as compared to the controls (Po0:001)
between exposure seasons. In the farmers, FVC ratio decreased further during the
exposure season (P ¼ 0:023). FEV1 was lower in the farmers as compared to the
controls in both periods (Po0:05). In the fishermen, the decrease in ratios of FVC
and FEV1 following exposure to pesticides was not significant. FEV1/FVC ratios were
similar in the three groups between (P ¼ 0:988) and during (P ¼ 0:159) exposure
periods. Following exposure to OPs, AChE levels dropped 12.75% in the farmers
(Po0:001) and 5.62% in the freshwater fishermen (P ¼ 0:001).
Occupational exposure to OP results in restrictive lung dysfunction, a phenom-
enon not observed following environmental exposure.
& 2005 Published by Elsevier Ltd.Published by Elsevier Ltd.
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Death in organophosphate (OP) poisoning is com-
monly due to respiratory paralysis.1 In high-dose OP
poisoning, both obstructive and restrictive lung
dysfunction are reported. Respiratory effects of
high-dose OP exposure include broncho-constric-
tion,2 pulmonary oedema1 and respiratory muscle
paralysis.3 Short-term respiratory symptoms re-
ported following low-level exposure to OP include
chest pain, cough, wheezing, difficulty in breath-
ing, shortness of breath, runny nose and throat
irritation.4 Apart from symptomology, there are
very few reports on lung function following
exposure to low-levels of OP pesticides in man.
In Sri Lanka, pesticide imports have increased by
50% from 1990 to 2001 with OP being the
commonest insecticide used.5 Pesticide poisoning
is a high-priority health issue as it is among the
three leading causes of hospital deaths in the
country.6 Low-level exposures to OP pesticides are
suspected to be considerable in agricultural areas
in the country, where farmers are known to
extensively and indiscriminately use pesticides.
This study was conducted to determine the effects
of low-level exposure to OP on lung function.Methods
Twenty-five farmers who regularly spray OP pesti-
cides were recruited randomly from among 300
farmers from the Uda Walawe irrigation scheme in
Southern Sri Lanka. Twenty-two freshwater fisher-
men who live within a 25 km radius of agricultural
fields in Uda Walawe and are likely to be exposed to
OP by environmental spray drift were randomly
selected from among 100 fishermen in the area.
They were evaluated once between exposure
periods, when workers are not occupationally
exposed to pesticides for over 30 days as verified
by questionnaire, and once during an exposure
period. It is unlikely that environmental exposure
to pesticides occurs between cultivation seasons as
cultivation patterns in the area are determined by
release of water for irrigation. Forty marine fish-
ermen living away from agricultural areas in the
West coast of Sri Lanka were recruited as a control
group. Forced vital capacity (FVC), forced expira-
tory volume in the first second (FEV1) and forced
mid-expiratory flow rate (FEF25–75%) were measured
using Microspiro HI-601 spirometer (Chest M.I.
Incorporated, Tokyo) following standard procedures
recommended by the manufacturer. Ten microlitres
of capillary blood were obtained using disposableequipment under sterile conditions to measure red
blood cell (RBC) acetylcholinesterase (AChE) levels
during and between (baseline estimation) spray
seasons. Haemoglobin corrected RBC AChE level
(U/g), a bio-marker of OP toxicity, was assayed in
all subjects using a portable WHO-approved Test-
mate cholinesterase test system (EQM Research,
Ohio).
Data were double entered and analysed using
SPSSTM (Statistical Products and Service Solutions,
Chicago). The percent-predicted normal and stan-
dardised residuals were calculated. The residual
method recommended by the American College of
Chest Physicians,7 was used for comparing the
observed and predicted values of lung function
using reference norms established for Sinhalese.8
Analysis of covariance was used to compare lung
functions of farmers, fishermen and controls
between and during exposure seasons after con-
trolling for confounding variables. Paired t-tests
were used to compare values between and during
exposure in each group to assess acute low-level
exposure effects.
Ethical clearance for the study was obtained
from the Ethical Review Committee of the
Faculty of Medical Sciences, University of Sri
Jayewardenepura. All subjects were recruited after
obtaining informed written consent. Subjects de-
tected with any abnormality were referred to a
specialist.Results
The mean ages (years) of the farmers, freshwater
fishermen and the controls were 37.45, 37.33 and
39.35, respectively (P ¼ 0:680). On average, farm-
ers had a lifetime exposure to pesticides of 13.8
years. Smoking was commoner among the controls
(65%) than the farmers (40%) (P ¼ 0:026). Smoking
habits were similar between the farmers and
fishermen (53%) (P ¼ 0:252), and the controls and
fishermen (P ¼ 0:324).
All farmers used OP pesticides during spraying.
Thirteen farmers (52%) used methoxy compounds
and 9 (36%) used ethoxy compounds. In three (12%)
farmers, data on the type of OP used were not
available. Lung function results did not differ with
the methoxy or ethoxy group of compound used
during the exposure season.
Comparisons of the observed to predicted ratios
of FVC, FEV1, FEF25–75% and FEV1/FVC ratio, and
AChE levels between subjects, and between and
during exposure periods within study groups are
summarised in Table 1.
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Table 1 Lung function and AChE levels (U/g) in the farmers, fishermen and controls.
Parameter Period Mean (7standard deviation) of values in P-value
Farmers (n ¼ 25) Fishermen (n ¼ 22) Controls (n ¼ 40)
FVC ratio Between 75.95 (15.31)a 81.40 (15.40)a 87.02(7.34)b o0.001
Exposure 71.09 (13.21)a 79.79 (19.76)b 87.02(7.34)b o0.001
P-valuey 0.023 0.743
FEV1 ratio Between 87.83 (19.24)
a 92.94 (17.59)a 102.49(33.42)b 0.001
Exposure 84.04 (17.08)a 89.80 (19.99)a 102.49(33.42)b o0.001
P-valuey 0.433 0.551
FEF25–75% ratio Between 108.5(31.95)
a 116.08(32.99)a 123.36(33.42)a 0.172
Exposure 111.45(37.24)a 109.03(37.13)a 123.36(33.42)a 0.209
P-valuey 0.733 0.474
FEV/FVC Between 0.951(0.08)a 0.941(0.06)a 0.941(0.67)a 0.988
Exposure 0.973(0.06)a 0.938(0.06)a 0.941(0.67)a 0.159
P-valuey 0.060 0.431
AChE (U/g) Between 30.43(3.87)a 28.28(2.87)b 27.61(2.89)b 0.013
Exposure 26.55(3.82)a 26.69(3.30)a 27.61(2.89)a 0.367
P-valuey o0.001 0.001
Values having the same superscripts are not significantly different at P ¼ 0:05:
ANOVA comparing means of farmers, fishermen and controls, during each period (values remained significant at P ¼ 0:05
after correcting for differences in smoking status).
yPaired t-test comparing values between and during exposure periods within each group.
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Figure 1 Forced vital capacity (FVC) in the controls and
fishermen and in the farmers between and during
exposure periods. Controls, fishermen, farmers (between
exposure periods), farmers (during exposure period).
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Figure 2 Forced expiratory volume in the first second
(FEV1) in the controls and fishermen and in the farmers
between and during exposure periods. Controls, fisher-
men, farmers (between exposure periods), farmers
(during exposure period).
Lung dysfunction in low-level OP exposure 1321FVC was significantly lower in the farmers as
compared to the controls, both between and during
exposure periods (Po0:001) (Fig. 1). The decrease
in FVC during acute exposure to OP was significant
in the farmers (P ¼ 0:023), but not in the fishermen.
FEV1 ratio was significantly lower in the farmers as
compared to the controls, both between and duringexposure periods (Pp0:001) (Fig. 2). The decrease
in FEV1 following acute exposure to OP, as compared
to between exposure, was not significant in the
farmers or the fishermen. FEF25–75% and FEV1/FVC
were similar in the three groups and did not change
significantly following exposure to OP either in the
farmers or in the fishermen.
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The reduction of FVC and FEV1 with a normal FEV1/
FVC ratio among farmers occupationally exposed to
OPs in this study suggests that low-level, occupa-
tional exposure to OP results in restrictive lung
dysfunction, a phenomenon not observed following
environmental exposure. In obstructive lung dys-
function the reduction in FEV1 is usually greater
than FVC, which results in a reduction in the FEV1/
FVC ratio.
The findings of this study are dependent on the
validity and reliability of measurements made.
Spirometry measurement of FVC, FEV1, and the
ratio FEV1/FVC are established as the single best
test to assess airflow limitations.9 FEV1 is relatively
effort independent, very reproducible, sensitive to
the narrowing of all classes of airways and is the
most widely used of all lung function indices.9
However, both FEV1 and FVC are dependent on the
depth of the preceding inspiration. FVC is also
dependent on the expiratory effort.
FEF25–75%, the average flow rate over the middle
half of forced expiration, is sensitive to mild
obstruction and small airways disease. FEF25–75%
measurements are less reproducible than FEV1.
10
FEF25–75% may be reduced in restrictive lung disease
because of loss of lung volume.11
OPs affect the respiratory system by peripheral
muscarinic actions on the airways, nicotinic actions
on the muscles of respiration, effects on the
medullary center in the brain and direct toxic
effects on the alveolar-capillary membrane. Aes
et al.12 reported inhibition in the activity of AChE in
the bronchial smooth muscle accompanied by
an increase in affinity to acetylcholine (ACh),
after both acute and subacute inhalation of OP in
Wistar rats. Pulmonary toxicity resulting from
phosphorothioate impurities found in OP insecti-
cides was reported by Imamura and Gandy.13
Animal studies have shown that the lung is involved
in phosphorothioate-induced delayed toxicity.
The cause of death in phosphorothioate-treated
animals was attributed to hypoxia or anoxia
resulting from insufficient uptake of oxygen across
the alveolar-capillary membrane. Neuropathic
involvement of the diaphragm and phrenic nerve,
and toxic pneumonitis with injury to the tracheal
epithelium were observed in rats exposed to
OP.14 Morphologic changes in the tracheal epithe-
lium, hyperplasia, thickening of the alveolar-
capillary membrane, degeneration in alveoli, and
ductus alveolaris were seen on histopathologic
investigation.
A restrictive lung dysfunction pattern on spiro-
metry may occur in restrictive parenchymal lungdisease or neuromuscular disease.11 A reduction in
the amplitude of action potentials following repe-
titive nerve stimulation together with a decrease in
handgrip force following low-level OP exposure
was found in a parallel study investigating the
neurological effects of low-level exposure to
OP.15 Just as parenchymal disease may result in
limited expansion of the thorax, decrease in
respiratory muscle power may produce similar
abnormalities in lung function tests. The resultant
lung function test pattern resembles restrictive
parenchymal lung disease.11 Neuromuscular disease
affecting the lung can be evaluated by measuring
maximal inspiratory and expiratory pressures
which are, for the most part, unaffected by
underlying lung disease.11 This study may have
benefited from measurement of force of inspiratory
and expiratory muscle contraction. Yet, the finding
that chronic occupational exposure to OP leads to
limited expansion of the thorax and/or reduced
lung compliance possibly due to thickening of
alveolar-capillary membrane leading to a restric-
tive pattern on spirometry, is an important finding
by itself.
Rhinorrhoea, bronchorrhoea and pulmonary oe-
dema occur in high-dose OP poisoning and are
believed to interfere with respiratory function, as
may bronchoconstriction. The primary cause of
death in high-dose poisoning is usually respiratory
failure with a contributory cardiovascular compo-
nent. Persistent asthma after high-dose exposure to
dichlorvas, an OP, has been reported.2 Pulmonary
function (FVC, FEV1, FEF50–75%) 20 days after high-
dose exposure showed bronchial obstruction. Local
toxicity to the bronchial epithelium leading to
non-immunological asthma, as described by Brooks
et al.16 was speculated to be the cause.
OPs irreversibly bind to cholinesterase, causing
phosphorylation and deactivation of AChE. The
clinical effects are secondary to ACh excess at
cholinergic junctions (muscarinic effects), in the
central nervous system, at the skeletal neuromus-
cular junction, and at autonomic ganglia (nicotinic
effects). AChE is also found in RBCs, lung and
spleen17 and the measurement of AChE activity in
RBCs is used to monitor occupational exposure to
OP.18 RBC AChE levels, as measured in this study, is
the best way to evaluate toxicity of OP pesti-
cides.19 Analytical methods of determination of
plasma levels of OPs are difficult and expensive.20
Given the extensive use of OPs in the country, it
was not practical nor feasible to measure blood
levels of all types of OPs used by the farmers in the
current study. Baseline cholinesterase levels are
important in monitoring workers exposed to OPs21
and it is recommended that such samples should be
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carbamate pesticides for at least 30 days.22 Higher
baseline AChE levels as seen in the farmers in this
study results from increased production of AChE
consequent to long-term OP exposure as suggested
by Marrs.1
WHO guidelines for interpreting RBC AChE mea-
surements state that a 20–30% inhibition indicates
evidence of exposure, 30–50% inhibition indicates
hazard, and 50% or greater suggests poisoning.19 An
increase in the prevalence of toxic symptoms was
reported among Kenyan agricultural workers at
cholinesterase activities considered to be non-
adverse.4 The average inhibition level of AChE
following OP exposure in the Kenyan study was 35%.
In chronic poisoning, the significance of a given
percentage inhibition of AChE may be difficult to
assess. It is believed that the variation in the
degree of inhibition required to produce symptoms
is related to the rate of inhibition rather than the
degree of inhibition.23 In this study, AChE inhibition
following exposure to OP was 12.8% in the farmers
and 5.6% in the fishermen. Though AChE inhibition
is low in this group as compared to WHO recom-
mended levels of exposure, the rate of inhibition is
not known and adverse effects may be due to
higher rates of inhibition.
The clinical picture after poisoning depends on
the rate at which the pesticide is absorbed.
There is significant variability in the affinity of
various OPs for AChE. Lipophilicity of OPs can
alter the course and severity of poisoning as
the enhanced lipid solubility of some OPs
permit its storage in fat resulting in delayed
toxicity due to late release. Some OPs need to be
metabolised to a more active form to produce
toxicity. The reaction between an OP and AChE
results in the formation of a transient intermediate
complex which partially hydrolyses resulting
in a stable, phosphorylated and largely non-
reactive inhibited enzyme. The phosphorylated
enzyme, under normal circumstances, can be
reactivated only at a very slow rate. While the
active site of the enzyme is phosphorylated, it is
unavailable for hydrolysis of ACh resulting in
accumulation of ACh at receptor sites. OPs are
made up of two alkoxy groups, an oxygen (or
sulphur) atom, and a leaving (or acid) group
attached to a phosphorus atom. The alkoxy group
(methoxy/ ethoxy) in OPs is important in determin-
ing the rate at which AChE is released and available
for interaction with its natural substrate, ACh.
Methoxy compounds reactivate AChE faster than
ethoxy compounds and, therefore, poisoning with
methoxy compounds is short-lived as compared to
ethoxy compounds.1Occupational exposure to OP occurs predomi-
nantly via the dermal route. Though most farmers
in Sri Lanka are aware of protective measures to be
used when applying pesticides, there was no
significant positive relationship between awareness
and use of protective measures.24 The hot tropical
climatic conditions make the use of recommended
protective clothing impractical and add to workers
discomfort. When exposure to OP occurs by inhala-
tion, absorption is rapid and complete and reaches
the systemic circulation bypassing the liver, where
it is metabolised.22 The effects of occupational
exposure to OP on lung functions could be due
either to absorption via skin, ingestion (eating with
contaminated hands) or inhalation and the extent
of the contribution of each route to the overall
effect cannot be ascertained in this study. It is
possible that other constituents in the compound
sprayed may also have direct effects on lung
function.
Although the farmers and the controls may be
exposed to agents that may affect lung function,
the changes in the test values with exposure to OP
pesticides are consistent. Therefore, it is highly
likely to be related to OP exposure. The smoking
status of the participants of the study was
documented and corrected for in the analysis of
the data.
From this study, it is difficult to conclude
whether exposure to an OP or a particular
combination of OPs or the solvent(s) used or all of
these resulted in lung dysfunction and this needs
further investigation. It is unlikely that seasonal
factors other than OPs would have affected lung
function in the farmers as the fishermen who live
within a radius of 25 km of the farmlands, being
exposed to the same seasonal effects, were found
to be unaffected.
Although evidence of neurophysiological effects
following both, occupational and environmental
exposure to OPs is reported,25 this study did not
find evidence of respiratory dysfunction following
environmental exposure to OPs.
The present study shows the significance of
occupational exposure to OPs on the health of
farmers and emphasises the need for implementa-
tion of control measures.Acknowledgement
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